Exact molecular mass determination of various forms of native and de-N-glycosylated human plasma-derived antithrombin by means of electrospray ionization ion trap mass spectrometry.
Human plasma-derived antithrombin was characterized in both the native and de-N-glycosylated forms (without separation of isoforms) by means of electrospray ionization ion trap mass spectrometry (ESI-ITMS). In order to determine the limits of the instrument set-up, the molecular mass precision and accuracy of the ESI-ITMS analysis was evaluated with the standard protein enolase and some instrumental data acquisition parameters were optimized. Mass precision was determined as a function of the number of averaged mass spectra (= scans) and data acquisition time. For this study, 20 and 50 scans were averaged and the data acquisition time was chosen to be between 0.5 and 5 min. It turned out that data acquisition times longer than approximately 2 min show no significant differences of the standard deviation of the determined molecular mass. Furthermore, the ion trap scan rate was varied at constant acquisition time of 2 min and the number of averaged scans was set to 20. At the scan rate of 13,000 u s(-1) a mass precision of +/-1.8 Da and a mass accuracy of +0.026% were determined. On reducing the scan rate to 5500 u s(-1), better agreement with the theoretical molecular mass was obtained, showing a mass accuracy of +0.012% but with a decrease in the mass precision to +/-3.0 Da. Using the optimized scan rate of 13,000 u s(-1) and a data acquisition time of 2 min, the exact molecular mass was determined of the three forms of antithrombin, namely the alpha-form, the beta-form and the natural mixture (present in human plasma) containing both forms. The protonated molecular masses were found to be 57,854 and 55,664 Da for the affinity chromatography-isolated alpha-and beta-form, respectively. The mass difference of 2190 Da is attributed to the known difference in carbohydrate content at one specific site. The protonated molecular mass of the dominating species of the natural mixture in human plasma was shown to be 57,850 Da, corresponding to the alpha-form, the major component in native plasma. In this mixture the beta-form was also detected, exhibiting a protonated molecular mass of 55,655 Da, but showing a much lower abundance, as expected. To obtain a complete release of the N-glycan residues by means of PNGase F, a denaturation, reduction and alkylation step of the glycoproteins was performed before the enzymatic reaction. After enzymatic removal of all N-glycans, the protonated molecular masses obtained were 49,399, 49,380 and 49,391 Da for the alpha-form, the beta-form and the unseparated natural mixture, respectively. These values are in good agreement (+0.026% for the alpha-form, -0.012% for the beta-form and +0.010% for the unseparated mixture) with the calculated molecular mass based on the SwissProt data. The determined molecular masses after reduction/alkylation and de-N-glycosylation of the alpha-and beta-forms are almost equal, indicating that no major differences exist between the three preparations on the amino acid level.